
Euphrates Journal of Agricultural Science-17 (1): 454-470, (Mar.2025)                            Mayali &Hassan                           

 
  ISSN 2072-3857           

 
454 

Effect of biofertilizer, humic acid, irrigation with saline water and their 

interactions on some chemical and biological properties of the soil 

Ali Aziz Jalawi Al-Mayali    Walid Fleih Hassan 

University of Kufa / College of Agriculture 

alia.alhayali@student.uokufa.edu.iq 

Abstract: 

A field experiment was conducted in Najaf province at the University of Kufa - Agricultural 

Research Station for autumn season of 2023 AD in a loamy sand soil, classified according to the 

modern American classification as below the level of the supergroups Typic Torrifluvent according 

to the international classification  . To study the effect of biofertilizer and humic acid on the growth 

and yield of corn under salt stress conditions.The experiment included three main factors, the first 

factor is to isolate a group of Klebsiella oxytoca bacteria that are tolerant to salt from the zygosphere 

of the Tarfa plant, which is characterized by its high tolerance to salinity and is at two levels (without 

adding, adding) which represents (B1, B0). The second factor is to add humic fertilizer to the soil at 

levels (0, 4 and 8) kg. ha-1 which is symbolized by (H2, H1, H0). The third factor is to irrigate the 

plants with water with salinity levels (1.5, 3 and 6) ds.m⁻ ¹ which represents (S2,S1,S0). The 

experiment was implemented according to the Randomized Complete Block Design (RCBD) with 

three replicates and the results of the experiment were statistically analyzed according to the analysis 

of variance (ANOVA) method and the significant differences between the averages of the treatments 

were calculated with the least significant difference at the level of 0.05 using the Genstat program in 

the statistical analysis. The results were as follows:The treatment of adding biofertilizer B1 

significantly outperformed the other treatments and recorded the highest rate of available nitrogen, 

which reached 20.11 mg. kg-1 soil, available phosphorus 26.40 mg P kg-1 soil, available potassium 

182.22 mg K kg-1 soil, organic matter in the soil 11.06 g. kg-1 soil, total number of bacteria in the 

rhizosphere soil 6.67 g-1 soil.The results also showed that adding humic acid had a significant effect, 

as the H2 treatment with an addition level of 8 kg.ha-1 was significantly superior in the 

characteristics of available nitrogen reaching 21.65 mg. kg-1 soil, available phosphorus 32.41 mg P 

kg-1 soil, available potassium 206.67 mg K kg-1 soil, organic matter in the soil 12.18 g. kg-1 soil, 

and the total number of bacteria in the rhizosphere soil 7.50 g-1 soil. The results of irrigation with 

water with an electrical conductivity of 6 ds.m‾¹ showed a decrease in the concentration of available 

nitrogen in the soil reaching 8.51 mg N kg-1 soil, available phosphorus 20.42 mg P kg-1 soil, 

available potassium 118.71 mg K kg-1 soil, organic matter in the soil 8.47 g. kg-1 soil, total number 

of bacteria in the rhizosphere soil 8.29 g-1 soil , 

  

Introduction

 

Increasing agricultural production has become 

an urgent requirement for the growing 

population, however, the scarcity of fresh 

water is a constraint on irrigation worldwide, 

while saline water is abundant in the world 

and is an important resource for maintaining 

agricultural irrigation. Saline irrigation has 

been widely used for plants such as wheat and 

sunflowers that tolerate moderate salinity 

[1]The problem of water scarcity is one of the 

most prominent challenges facing agriculture 

in many regions around the world, especially 

in dry and semi-dry areas, so agriculture using 
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saline water has become an option to meet this 

challenge, despite the challenges posed by this 

solution, as salinity leads to many problems 

for plants such as difficulty in absorbing water 

and nutrients, accumulation of harmful salts 

inside plant cells, reduced growth, and 

increased plant sensitivity to diseases. In this 

context, the importance of using sustainable 

agricultural techniques appears, such as 

adding biofertilizers that live in saline 

environments and are close to the roots of 

saline plants, as well as adding organic matter 

to improve soil properties and increase plant 

resistance to environmental stresses [2] 

Biofertilizers are biological products that 

contain beneficial microorganisms such as 

bacteria and fungi that promote plant growth 

and improve soil health. These organisms play 

a vital role in improving the ability of plants to 

tolerate environmental stresses, including 

salinity, through several mechanisms, such as 

producing compounds that help mitigate salt 

toxicity. Bacteria in biofertilizers help plants 

better absorb nutrients, especially under 

salinity conditions that limit the ability of 

roots to absorb. Some bacteria also produce 

growth hormones such as auxin and 

gibberellins that stimulate the growth of roots 

and root hairs, increasing the absorption area 

and helping the plant obtain water and 

nutrients. Bacteria help improve soil structure 

by increasing organic matter and forming soil 

aggregates, which improves soil aeration and 

drainage [3]Humic acid is a complex organic 

compound found in soil and humus. Adding it 

to soil under saline conditions is an effective 

strategy to improve plant growth and increase 

yield and crop quality. This is due to its ability 

to improve soil properties by increasing the 

soil's ability to retain water and nutrients and 

increasing plant resistance to water and salt 

stress, protecting cell membranes from 

damage caused by salinity. It also improves 

the plant's ability to regulate water and ion 

balance and increases the production of 

antioxidants that protect the plant from 

oxidative stress [4] Corn (Zea mays L.) is a 

multi-purpose crop that is widely grown in a 

wide range of climatic zones for food, feed 

and energy, and plays an important role in the 

development of the global economy as one of 

the most consumed cereals. It is classified as a 

moderately salt-tolerant crop, with a low salt 

tolerance and is severely affected by salt stress 

at the seedling stage [5]. The research aims to 

investigate the effect of biofertilizer and 

humic fertilizer on the growth and yield of 

corn irrigated with saline water. 

Materials and method 

A field experiment was conducted to study the 

effect of biofertilizer and humic acid on the 

growth and yield of corn under salt stress 

conditions. The experiment was carried out in 

Najaf provainc at the University of Kufa - 

Agricultural Research Station for the fall 

season of 2023 AD in a sandy loam soil, 

classified according to the modern American 

classification as below the level of the great 

groups Typic Torrifluvent according to the 

international classification [6.] 

Experimental factors8 

The experiment included three main factors8 

The first factor8 

A group of Klebsiella oxytoca bacteria that are 

tolerant to salts was isolated from the 

zebrafish region of the tarfa plant, which is 

characterized by its high tolerance to salinity, 

and it was at two levels (without addition, 

addition) which represents (B1, B0) [7]. The 

inoculation was done by mixing the seeds with 

the inoculum with distilled and sterile water 

and adding gum arabic after the seeds were 

washed with distilled and sterile water, then 

they were sterilized using 1% sodium 
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hypochlorite solution, after which they were 

washed again with distilled water to remove 

traces of the sterilizer and left for half an hour 

before planting. 

Factor 2:Humic fertilizer is added to the soil at 

levels (0, 4 and 8) kg. H-1, which is 

symbolized by (H2, H1, H0.) 

Factor 3:Plants are irrigated with water with 

salinity levels (1.5, 3 and 6) ds.m⁻ ¹, which is 

represented by (S2, S1, S0.) 

Soil preparation 

The soil was plowed using a rotary plough and 

smoothed using disc harrows. The field was 

divided into panels with dimensions of 3x2 m 

for each experimental unit, and a 2.5 m wide 

space was left between panels to prevent the 

transfer of fertilizers and control the 

movement of water from one treatment to 

another. Random soil samples were taken 

from the surface layer 30-0 cm. After 

removing plant remains, the soil was air dried 

and ground using a wooden hammer and 

passed through a sieve with holes diameter of 

2 mm and mixed well to homogenize it. 

Representative samples were taken from it for 

the purpose of conducting some chemical and 

physical analyses to study the soil, the results 

of which are shown in Table (1 .) 

  

Table (1) Some chemical, physical and biological properties of the soil before planting 

traits values units 

Reaction degree (pH) 1:1 5.37 ___ 

Electrical conductivity (EC) 1:1 0.731 DS.m
-1

 

Organic matter O.M 10.1 g.kg
-1

 

Available  

Elements 

 

Nitrogen 00.11 

mg.kg
-1

 Phosphorus 01.01 

Potassium 033 

Prefabricated 

Elements 

Clay 7.0 
 

% 
Silt 2.1 

sand 64.6 

soil texture Loamy Sand ___ 

Bulk density 0.21 Mg.m
-2

 

Total bacterial bioassay 65.11 
0-
CFU dry soil 

 

 

The seeds of the corn, Euphrates hybrid, 

which were prepared by the Babylon 

Agriculture Division / Al-Mahawil, were 

planted on 7/20/2023 in lines inside plots, with 

a distance of 75 cm between one line and 

another and 25 cm between holes and another, 

at a rate of four lines for each experimental 

unit. Between 3-2 seeds were placed in each 

hole, and the plants were thinned to one plant 

after two weeks of emergence. The number of 

plants was 32 plants in the experimental unit, 

with a plant density of 53.333 plants / ha. The 

granular diazinon pesticide was used at a 

concentration of 10% (5 kg / ha) to control the 

stem borer (Sesamin Cretica) twice, the first 
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time after 20 days of germination and the 

second time after 15 days of the first control 

by adding it to the heart of the fourth and third 

leaves .  itrogen fertili ers were added at an 

amount of      g     ¹ in the form of urea  6  

   phosphate fertili ers at an amount of     

 g     ¹ in the form of triple superphosphate 

fertilizer P 20%, and potassium fertili ers at 

an amount of      g     ¹ in the form of 

potassium sulphate fertilizer K 41%. 

Studies  traits  

- Organic matter8 

 

Estimated by wet digestion method and 

according to the Walkly and Black method 

mentioned in [4] 

- Available nitrogen8 

Available nitrogen was estimated by 

Microkjeldahl device according to the method 

mentioned in [4.] 

- Available phosphorus8 

Available soil phosphorus was extracted using 

sodium bicarbonate (0.5 M (NaHCO3) at pH = 

8.5 according to the Olsen method mentioned 

in [4] The color was developed with 

ammonium molybdate and ascorbic acid, and 

was estimated using a spectrophotometer at a 

wavelength of 882 nm. 

- Available potassium8 

Extracted with ammonium acetate NH4OAC 

(1N) and measured by flame photometer 

according to the method mentioned in [4.] 

Results and Discussion 

  Available Nitrogen (mg N kg-1 soil( 

The results in Table (2) showed that adding 

biofertilizer gave the highest value with an 

average of 20.11 mg. kg-¹ soil compared to the 

treatment of biofertilizer without addition, 

which gave 18.96 mg kg-¹ soil. It was found 

that there were no significant differences 

between the treatment of biofertilizer in the 

concentration of available nitrogen in the soil 

surrounding the roots. It is noted that the 

addition of humic fertilizer led to a significant 

increase in the concentration of available 

nitrogen in the rhizosphere region, as the H2 

treatment with an addition level of 8 kg. h-1 

outperformed both levels 0 and 4 kg. h-1. The 

concentration of nitrogen in the region near 

the roots was 17.69, 19.29 and 21.65 mg kg-1 

soil for each of the levels (0, 4 and 8) kg h-1, 

respectively, with an increase rate of 22.38 

and 9.04% for the level 8 and 4 kg h-1 

compared to the level 0 kg h-1, respectively. 

The results of irrigation with water with an 

electrical conductivity of 6 ds.m‾¹ showed a 

decrease in the concentration of available 

nitrogen in the soil surrounding the roots, 

which reached 8.51 mg N kg-1 soil, compared 

to the two levels of ds.m‾¹ ( .  and 3)  which 

reached 27.48 and 22.64 mg N kg-1 soil, 

respectively, with a conservation rate of 69.03 

and 62.41% for each of the two treatments of 

ds.m‾¹ ( .  and 3) compared to the irrigation 

treatment with water with a conductivity of 6 

ds.m‾¹. While significant differences were 

noted in bi-interaction between biofertilizer 

and humic fertilizer in the concentration of 

available nitrogen in the soil, as the highest 

value reached 22.30 mg N kg-1 soil in 

treatment H2B1, in contrast, the lowest value 

reached 17.24 mg N kg-1 soil in treatment 

H0B0. Also, the interaction between humic 

fertilizer and salinity levels in irrigation water 

showed significant differences, the highest 

value of which reached 29.20 mg N kg-1 

represented by treatment H2S0, while the 

lowest value showed 6.65 mg N kg-1 in 

treatment H0S2. Also, the triple interaction of 

all factors showed significant differences, as 

the highest value reached 29.64 mg N kg-1 

represented by treatment H2B1S0, in contrast, 

the lowest value showed 6.64 mg N kg-1 

represented by treatment H0B0S2 . 
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Table (2) The effect of biofertilizer, humic acid fertilizer, irrigation with saline water and their 

interactions on available nitrogen in the soil (mg N kg-1 soil) 

Biofertilizer 

 

B 

Humic 

fertilizer 

 

H 

salt water  

Average interaction of 

Biofertilizer and 

Humic 

S0 S1 S2 

 

 

B0 

H0 02.77 01.01 4.42 05.02 

H1 05.10 00.41 5.12 06.43 

H2 06.53 02.01 01.01 01.77 

 

 

B1 

H0 04.01 00.31 4.43 06.02 

H1 05.73 01.14 6.55 07.70 

H2 07.42 03.21 00.61 00.11 

LSD  0.05 5.2138 3.2661 

 

Interaction of Biofertilizer and 

salt water 

salt water 
 

Average  Biofertilizer S0 S1 S2 

B0 05.10 00.71 5.71 06.74 

B1 05.72 01.12 7.15 01.00 

LSD 0.05   

Average salt water 05.26 00.42 6.30  

LSD 0.05 3.9347 2.1958 

 

Interaction of humic acid and 

salt water 

salt water 
 

Average humic acid S0 S1 S2 

H0 03.40 01.60 4.43 05.47 

H1 05.42 00.11 5.70 07.07 

H2 07.01 02.54 01.76 00.43 

LSD 0.05 2.19 2.19 
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Available phosphorus (mg P kg-1 soil8)

 

The results of Table (3) showed that the 

biofertilizer treatment was significantly 

excelled and gave the highest rate of 

phosphorus in the soil, reaching 26.40 mg P 

kg-1 soil, while the treatment without adding 

biofertilizer recorded the lowest rate of 

available phosphorus in the soil, reaching 

22.74 mg P kg-1 soil. It is noted that the 

addition of humic fertilizer showed significant 

differences and its average concentration 

reached 32.41 mg kg-1 soil, achieving the 

addition level of 8 kg ha-1, while the levels 0 

and 4 kg ha-1 showed 18.35 and 22.95 mg P 

kg-1 soil, respectively, with an increase rate of 

76.62% at the H2 level compared to the H0 

level and 25.06% for the addition level of 4 kg 

ha-1 compared to the 0 kg ha-1 level. The 

results of the studied trait showed a significant 

decrease in the irrigation treatment with water 

with a salinity of ds.m‾¹ 6 by giving the lowest 

content of available phosphorus, which 

reached 20.42 mg P kg-1 soil, compared to the 

treatment of water with an electrical 

conductivity of ds.m‾¹  .   which reached 

29.91 mg P kg-1, while the treatment of water 

with an electrical conductivity of ds.m‾¹ 3 by 

giving 23.39 mg P kg-1, and the percentage of 

decrease showed 31.72 and 12.70% for each 

of S1 and S2 compared to S0. The interaction 

treatment between biofertilizer and humic 

fertilizer H2B1 was significantly excelled with 

the highest content of available phosphorus, 

which reached 34.27 mg P kg-1 soil, 

compared to the H0B0 treatment, in which the 

available phosphorus content decreased, 

reaching 16.21 mg P kg-1 soil, with an 

increase rate of 52.69%. Bi-interaction 

between biofertilizer and irrigation with water 

showed significant differences, where the 

treatment of biofertilizer without addition and 

irrigation with water with electrical 

conductivity ds.m‾¹ 6  represented by the 

symbol S2B0, gave the lowest value, which 

reached 18.96 mg P kg-1 soil, compared to the 

treatment of adding biofertilizer and irrigation 

with water with electrical conductivity ds.m‾¹ 

1.5 S0B1, which gave the highest value, which 

reached 32.47 mg P kg-1 soil. The interaction 

between humic fertilizer and irrigation levels 

was significant and the highest rate of the 

studied trait was 44.18 mg P kg-1 soil with the 

addition treatment of 5 kg H-1 and the 

irrigation treatment with water with an 

electrical conductivity of ds.m‾¹  .   

symbolized by H2S0, while the lowest rate of 

the studied trait content was 15.29 mg P kg-1 

with the humic fertilizer level of 0 kg H-1 and 

the irrigation treatment with water with an 

electrical conductivity of ds.m‾¹ 6. The results 

of Table (3) of the interaction between the 

three factors indicate the presence of 

significant differences, and the addition of 

biofertilizer B1 and humic fertilizer at a level 

of 8 kg H-1 H2 and irrigation with water at a 

degree of ds.m‾¹  .  S  gave the highest rate 

of available phosphorus, which was 48.43 mg 

P kg-1 Soil, while the biofertilizer without 

adding B0 and humic fertilizer at the level of 

adding 0 kg ha-1 and irrigation with electrical 

conductivity ds.m‾¹ 6 gave a percentage of 

13.05 mg P kg-1 soil. 

  

 

 

 



Euphrates Journal of Agricultural Science-17 (1): 454-470, (Mar.2025)                            Mayali &Hassan                           

 
  ISSN 2072-3857           

 
460 

                                                                                                 

                                                            ¹ soil) 

Biofertilizer 

 

B 

Humic 

fertilizer 

 

H 

salt water  

Average interaction 

of Biofertilizer and 

Humic 

S0 S1 S2 

 

 

B0 

H0 05.75 05.41 01.13 04.00 

H1 02.00 01.13 19.90 00.24 

H2 17.71 05.60 01.72 11.34 

 

 

B1 

H0 01.60 01.05 17.53 01.31 

H1 03.06 02.64 01.10 02.23 

H2 26.21 07.32 02.61 12.05 

LSD  0.05 0.797 4.5314 

 

Interaction of Biofertilizer 

and salt water 

salt water  

Average  

Biofertilizer 

S0 S1 S2 

B0 05.12 00.70 06.74 00.52 

B1 10.25 02.64 00.67 04.21 

LSD 0.05 5.4147 0.2763 

Average salt water 07.70 01.17 01.20  

LSD 0.05 7.81  

 

Interaction of humic acid 

and salt water 

salt water  

Average humic 

acid 

S0 S1 S2 

H0 01.67 06.66 03.07 06.13 

H1 02.43 00.37 00.41 00.73 

H2 22.06 06.46 02.17 10.20 

LSD 0.05 0.33 0.33 
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available potassium (mg K kg-1 soil8)

 

The results in Table (4) showed significant 

differences in the concentration of potassium 

in the rhizosphere soil in the biofertilizer 

treatment, as the treatment of adding 

biofertilizer B1 was significantly excelled and 

gave the highest average of 182.22 mg K kg-1 

soil, while control treatment (without adding 

biofertilizer) gave the lowest average of 

134.72 mg K kg-1 soil, with an increase rate 

of 35.25% for the addition treatment compared 

to the non-addition treatment. 

The results also showed that adding humic 

fertilizer had a significant effect on the 

available potassium, as the addition level 

exceeded 8 kg h-1 and gave the highest rate of 

available potassium, reaching 206.67 mg K 

kg-1 soil, compared to the treatment without 

adding H0, which recorded the lowest rate of 

available potassium, reaching 105.82 mg K 

kg-1 soil. The results showed that the use of 

saline water led to a significant decrease in the 

available potassium in the soil, as the values 

reached (203.61, 153.09 and 118.71) mg K kg-

1 soil for each of the different salt 

concentrations at levels (1.5, 3 and 6) dS.m-1, 

respectively, with a decrease rate of 41.69% 

for the treatment of water with an electrical 

conductivity degree of  .  ds.m‾¹. Table ( ) 

indicated that there were significant 

differences in the interaction between 

biofertilizer and humic fertilizer in the 

availability of potassium in the rhizosphere 

region, as the treatment of adding biofertilizer 

+ adding humic fertilizer at a level of 8 kg ha-

1 gave the highest rate of 237.22 mg K kg-1 

soil, while control treatment of biofertilizer 

without addition and humic fertilizer treatment 

at a level of 0 kg ha-1 gave the lowest rate of 

90.70 mg K kg-1 soil, with an increase rate of 

161.53%. The interaction between biofertilizer 

and irrigation with water with different levels 

of salinity showed significantly excelled, as 

the treatment of adding biofertilizer, which is 

B1, and the irrigation treatment with water 

with an electrical conductivity of ds.m‾¹  .  

gave the highest average of 233.05 mgK kg-1 

soil, while the treatment of biofertilizer 

without addition and the irrigation treatment 

with saline water at the level of ds.m‾¹ 6 

showed an average of 104.57 mgK kg-1 soil. 

The dual interaction between humic fertilizer 

and irrigation with saline water showed 

significant differences in potassium 

availability in the rhizosphere, as the treatment 

of humic fertilizer at a level of 8 kg ha-1 + 

irrigation with water at an electrical 

conductivity of ds.m‾¹  .  gave the highest 

average of 247.84 mgK kg-1 soil, and control 

treatment of humic fertilizer at a level of 0 kg 

H-1 and irrigation with water with an 

electrical conductivity of ds.m‾¹ 6 had the 

lowest average, reaching 75.18 mgK kg-1 soil. 

It is noted that the triple interaction between 

biofertilizer, humic fertilizer and irrigation 

with saline water showed significant 

differences, as the treatment of adding 

biofertilizer and humic fertilizer at an addition 

level of 8 kg H-1 and irrigation with water 

with an electrical conductivity of ds.m‾¹  .  

gave the highest average of 289.19 mgK kg-1 

soil, in contrast, the treatment of biofertilizer 

without addition and humic fertilizer at an 

addition level of 0 kg H-1 and irrigation with 

water with an electrical conductivity of ds.m‾¹ 

6 showed the lowest average, reaching 69.26 

mgK kg-1 soil. 
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Table (4) The effect of biofertilizer, humic acid fertilizer, irrigation with saline water, and their 

interactions on available potassium in the soil (mg K kg/m3 soil) 

Biofertilizer 

 

B 

Humic 

fertilizer 

 

H 

salt water  

Average interaction 

of Biofertilizer and 

Humic 

S0 S1 S2 

 

 

B0 

H0 004.14 54.57 47.04 71.51 

H1 067.71 011.71 66.03 015.11 

H2 014.26 043.33 034.11 054.00 

 

 

B1 

H0 064.65 72.62 60.17 001.71 

H1 001.01 013.36 014.67 066.30 

H2 067.07 020.67 061.36 015.00 

LSD  0.05 1.3705 1.1124 

 

Interaction of Biofertilizer 

and salt water 

salt water  

Average  

Biofertilizer 

S0 S1 S2 

B0 052.04 003.20 012.35 012.50 

B1 011.13 061.55 010.63 060.00 

LSD 0.05 1.2134 1.0106 

Average salt water 011.40 031.17 006.50  

LSD 0.05 1.1504  

 

Interaction of humic acid 

and salt water 

salt water  

Average humic 

acid 

S0 S1 S2 

H0 034.25 63.60 53.06 013.60 

H1 014.30 047.52 000.30 040.71 

H2 025.62 011.50 046.22 014.45 

LSD 0.05 1.3011 1.0353 
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Organic matter in the soil (g/kg/soil8)

 

The data in Table (5) showed that there are 

significant differences in the percentage of 

organic matter in the study soil surrounding 

the root. The treatment of adding biofertilizer, 

which is represented by the symbol B1, gave 

the highest rate of organic matter in the soil, 

amounting to 11.06 g/kg-1soil, compared to 

the treatment of biofertilizer without addition, 

which gave the lowest average, amounting to 

9.57 g/kg-1soil, which is represented by the 

symbol B0, and with a significant increase rate 

of 15.88% for the treatment of adding 

biofertilizer compared to not adding. 

As for the addition of humic fertilizer and its 

effect, it was found that the treatment of humic 

fertilizer at a level of 8 kg.ha-1 was 

significantly excelled with a value of 12.18 g 

kg-1 soil compared to levels 0 and 4 kg ha-1, 

which gave 8.40 and 10.37 g kg-1 soil, 

respectively, and with an increase rate of 

45.00 and 23.45% for the addition level of 8 

and 4 kg ha-1 compared to the addition level 

of 0 kg ha-1, respectively. The results showed 

that the use of water at different levels of 

electrical conductivity significantly decreased 

the values of organic matter in the soil, as it 

reached (12.38, 10.10 and 8.47) g kg-1 soil for 

each of the salinity levels (S2, S1, S0) 

respectively. The decrease rate reached 31.58 

and 3% 16.1 for both S2 and S1 compared to 

S0. It is noted that the results of bi-interaction 

between biofertilizer and humic fertilizer 

showed significant differences. The treatment 

of adding biofertilizer with humic fertilizer at 

a level of 8 kg ha-1 gave the highest average 

of organic matter, reaching 13.08 g. kg-1 soil, 

while the lowest average was 7.63 in the 

treatment of biofertilizer without addition and 

humic fertilizer at an addition level of 0 kg ha-

1. It was noted that bi-interaction between 

biofertilizer and irrigation with saline water 

showed a significant effect on the values of 

organic matter, as it gave the highest average 

in the treatment of biofertilizer at the addition 

level and the treatment of saline water at a 

level of ds.m‾¹  .   reaching   .89 g.  g-1 soil 

for organic matter, in contrast, control 

treatment showed the lowest rate of 7.71 g. 

kg-1 soil for the biofertilizer without addition 

and the irrigation treatment with saline water 

at a level of ds.m‾¹ 6. While it is noted that the 

results of bi-interaction between humic 

fertilizer and irrigation with water showed 

significant differences, the treatment of adding 

biofertilizer in combination with irrigation 

with water with an electrical conductivity of 

ds.m‾¹  .  gave the highest value with an 

average of 14.80 g. kg-1 soil compared to the 

treatment of biofertilizer without addition and 

irrigation with a salinity level of ds.m‾¹ 6  

which gave the lowest value with an average 

of 6.21 g. kg-1 soil. The results of the triple 

interaction between the three factors also 

indicated that the treatment of adding 

biofertilizer + humic acid fertilizer at a rate of 

8 kg ha-  + saline water ds.m‾¹  .   which is 

symbolized by (H2B1S0), achieved the 

highest readiness of organic matter in the soil, 

reaching 15.73 g kg-1 soil, compared to the 

treatment of biofertilizer without addition + 

humic acid fertilizer at a rate of 0 kg ha-1 + 

saline water ds.m‾¹ 6  which is symbolized by 

(H0B0S2), which gave the lowest readiness of 

organic matter, reaching 5.13 g kg-1 soil. 
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Table (5) The effect of biofertilizer, humic acid fertilizer, irrigation with saline water and their 

interactions on organic matter i                   ¹ soil) 

Biofertilizer 

 

B 

Humic 

fertilizer 

 

H 

salt water  

Average interaction 

of Biofertilizer and 

Humic 

S0 S1 S2 

 

 

B0 

H0 01.11 5.51 3.01 5.41 

H1 00.51 7.21 6.11 7.60 

H2 01.64 01.11 7.44 00.06 

 

 

B1 

H0 01.31 7.51 5.11 7.05 

H1 00.24 00.11 7.11 01.71 

H2 03.51 00.21 00.01 01.16 

LSD  0.05 0.8325 1.1388 

 

Interaction of Biofertilizer 

and salt water 

salt water  

Average  

Biofertilizer 

S0 S1 S2 

B0 00.65 7.03 5.50 7.35 

B1 00.67 00.13 7.02 00.14 

Average salt water 00.16 01.01 6.25  

LSD 0.05 1.7902 0.2955 

 

Interaction of humic acid 

and salt water 

salt water  

Average humic 

acid 

S0 S1 S2 

H0 01.04 6.51 4.00 6.21 

H1 00.01 01.00 6.60 01.15 

H2 02.61 00.14 01.21 00.06 

LSD 0.05 2.0376 0.3619 
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Total number of bacteria in the rhizosphere soil (gm-1 dry soil)

 

The results in Table (6) showed that 

biofertilization led to a significant increase in 

the number of bacteria in the rhizosphere 

region if the treatment with addition was 

superior at an average rate of 6.67 gm-1 soil 

compared to the treatment with biofertilizer 

without addition, which gave the lowest rate 

of 6.12 gm-1 soil and an increase rate of 

8.25% for the addition treatment compared to 

the non-addition treatment. 

It is noted from the above-mentioned 

characteristic that humic fertilizer had a 

significant effect in increasing the number of 

bacteria in the area surrounding the roots and 

gave the highest value for the number of 

bacteria in the treatment with an addition level 

of 8 kg.ha-1, as its average reached 7.50 gm-1 

dry soil compared to the addition level (0 and 

4) kg.ha-1, which gave an average of 5.54 and 

6.13 gm-1 dry soil, respectively, with an 

increase rate of 35.38% for the level of 8 

kg.ha-1 compared to the level of 0 kg.ha-1 and 

10.65% for the level of 4 kg.ha-1 compared to 

the level of 0 kg.ha-1. It is noted from Table 

(6) that there is a significant decrease in the 

water treatment, as the water treatment at the 

level of ds.m‾¹  .  showed the highest value 

with an average of 8.20 gm-1 dry soil 

compared to the water treatment at levels (3 

and 6) ds.m‾¹ which gave the lowest average 

of 6.68 and 4.30 gm-1 dry soil respectively, 

with a decrease rate of 47.56 and 35.63% for 

the water level ds.m‾¹  .  and 3 compared to 

the level 6 ds.m‾¹. Table (6) indicated that bi-

interaction between biofertilizer and humic 

fertilizer gave the highest value for bacterial 

numbers in the rhizosphere region, reaching 

8.02 gm-1 dry soil when adding biofertilizer 

and humic fertilizer at a level of 8 kg ha-1, in 

contrast, it gave the lowest value, reaching 

5.44 gm-1 dry soil in the treatment of 

biofertilizer without adding and humic 

fertilizer at a level of 0 kg ha-1. It is noted that 

bi-interaction between humic fertilizer and 

irrigation with water showed the highest value, 

reaching 8.93 gm-1 dry soil when treating 

humic fertilizer at a level of 8 kg ha-1 and 

with an electrical conductivity of ds.m‾¹  .   in 

contrast, it showed the lowest value, reaching 

an average of 3.59 gm-1 dry soil when treating 

humic fertilizer at a level of 0 kg ha-1 and 

irrigation water at an electrical conductivity of 

ds.m‾¹ 6. Table (6) also indicated that The 

triple interaction between biofertilizer, humic 

acid fertilizer and irrigation with saline water 

reached the highest average of 9.33 gm-1 dry 

soil in the H2B1S0 treatment compared to the 

H0B0S2 treatment, which reached an average 

of 3.36 gm-1 dry soil. 
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Table (6) Effect of biofertilizer, humic acid fertilizer, irrigation with saline water and their 

interactions on the number of bacteria in the soil (CFU × 10⁴  gm-1 dry soil) 

Biofertilizer 

 

B 

Humic 

fertilizer 

 

H 

salt water  

Average interaction 

of Biofertilizer and 

Humic 

S0 S1 S2 

 

 

B0 

H0 5.41 3.16 1.14 3.22 

H1 5.46 4.01 1.71 3.71 

H2 6.31 5.54 2.51 4.77 

 

 

B1 

H0 5.24 3.41 2.61 3.42 

H1 6.41 4.11 2.01 4.12 

H2 7.11 6.61 3.70 6.10 

LSD  0.05 0.0939 0.6103 

 

Interaction of Biofertilizer 

and salt water 

salt water  

Average  

Biofertilizer 

S0 S1 S2 

B0 5.71 4.22 1.77 4.00 

B1 6.24 4.71 2.75 6.78 

LSD 0.05   

Average salt water 6.01 4.46 2.25  

LSD 0.05 1.7902 0.0316 

 

Interaction of humic acid 

and salt water 

salt water  

Average humic 

acid 

S0 S1 S2 

H0 5.31 3.27 1.37 3.32 

H1 6.02 4.04 2.10 4.01 

H2 6.71 6.07 3.11 5.31 

LSD 0.05 1.0162 0.3619 
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The results in Table (3-6) showed that adding 

biofertilizer had a significant effect on 

increasing the content of available nitrogen, 

phosphorus, potassium, organic matter, and 

bacterial numbers in the rhizosphere compared 

to their content before planting. This is 

attributed to the fact that biofertilizer settles in 

the rhizosphere, which is the area surrounding 

the roots and where most of the biological 

activities take place. Due to its biological 

activity, plant growth improves by raising the 

availability of some important elements for the 

plant [7]. Biofertilizer may have a limited 

effect on soil fertility and nitrogen availability. 

This is consistent with what [11] found that 

direct inoculation of bacteria in the soil may 

face difficulty in colonizing and surviving 

around the roots of yellow corn because it is 

exposed to a variety of environmental factors, 

such as competition from native microflora, 

unfavorable physical and chemical conditions, 

and fluctuations in pH and temperature, since 

nitrogen is a mobile element in the soil, 

especially since irrigation is one of the factors 

that affect its survival for a longer period. 

There are many factors that work to wash 

nitrogen in the soil, in addition to different 

types of stresses. [12] stated that biofertilizers 

settle in the rhizosphere, which is the area 

surrounding the roots and where most of the 

biological activities take place. Due to their 

biological activity, plant growth improves by 

increasing the availability of some important 

elements for the plant. [7] also stated that the 

movement of phosphorus in the soil solution is 

very slow and phosphate is often precipitated 

with positive ions. These precipitation 

processes can be controlled by adding 

organisms that secrete enzymes that increase 

the availability of phosphorus in the soil 

continuously throughout its life. Biofertilizers 

are characterized by their role in secreting 

organic and inorganic acids that work to 

reduce the values of the degree of interaction, 

which in turn increases the forms of 

phosphorus that are most available to the plant 

and increases the readiness of nutrients in the 

soil, as biofertilizer works to improve the 

properties of the soil and then balance the 

nutrients in the root zone and convert them 

into the ready form. It is noted that adding 

Klebsiella oxytoca bacteria mixed with seeds 

plays a role in converting the phosphorus 

available in the soil into forms that are more 

absorbable by the plant through the secretion 

of the phosphatase enzyme, which works to 

dissolve phosphorus from its fixing sources 

and thus increases its readiness in the soil. 

These results are consistent with what was 

reached by [15], and potassium also increases 

plant growth, including increasing the root 

system, which is reflected in increasing its 

respiration and increasing the secretion of 

CO₂ , which combines with water to form 

carbonic acid, which begins to dissolve the 

minerals carrying phosphorus, increasing their 

release, which increases their readiness. 

Phosphorus in soil [16.] 

These organisms play an important role in 

sustainable development through the exchange 

between types of biofertilizers, organic and 

chemical and their impact on plant production 

and quality [17]. These bacteria increase 

microorganisms and inhibit microorganisms 

harmful to plants and soil, which causes 

growth and reproduction. Root secretions are a 

source of food for Klebsiella oxytoca bacteria 

that live and reproduce in this environment. In 

addition to the fact that these organisms were 

isolated locally from saline soil and may have 

had some familiarity and adaptation to the 

conditions of agricultural soil. All of the above 

can be attributed to the reason for the increase 

in the content of available nitrogen, 
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phosphorus, potassium, organic matter and the 

number of bacteria in the rhizosphere region,   

The addition of humic fertilizer achieved a 

significantly excelled in the above-mentioned 

characteristics, due to its important role in 

supplying the soil with an initial concentration 

of nutrients, in addition to the role of these 

acids in the process of converting formulas of 

nutrients present in the soil into formulas 

available for absorption by the plant. Humic 

fertilizer can also improve the effect of urea 

fertilization by stabilizing urease [18].The 

addition of organic fertilizers had a clear effect 

in increasing the percentage of nutrients in the 

leaves, and this increase may be due to the fact 

that these extracts contain major and minor 

nutrients that are absorbed either directly 

through the leaves or through the roots, Tables 

(2 and 3), and then increase their percentage in 

the plant. The added humic acids contain 

nutrients including nitrogen, and are 

considered a rich source of phosphorus and 

humic acids increase the plant's ability to 

absorb nutrients such as nitrogen, phosphorus, 

potassium, iron, magnesium, copper, zinc, 

etc., which results in increased growth of the 

plant's vegetative and root system [19]. It is 

concluded from the tables that the mineral 

fertilizers added to both experiments had a 

significant effect on the availability of 

nutrients (nitrogen, phosphorus, potassium, 

magnesium, and calcium) and their absorption 

by seedlings and increased their percentage in 

the leaves, which is consistent with [9]. The 

addition of humic acid led to the release of 

organic nitrogen in the soil by increasing 

microbial activity and enzymes that 

decompose proteins and nucleic acids. It was 

noted that the increased availability of major 

nutrients in humic fertilizer is slow-release 

and has unique chemical and physical 

properties and is more capable of meeting root 

demand efficiently through the ion exchange 

process. Humic fertilizer also works to 

preserve the availability of nutrients and 

reduce external influences associated with the 

plant's need. The addition of humic acid led to 

the release of CO₂  and its dissolution in water 

formed carbonic acid, which led to a reduction 

in the degree of soil reaction in addition to the 

formation of phosphorus compounds that 

prevent phosphorus precipitation and work to 

increase the dissolution of calcium phosphate 

and the release of ready phosphorus, thus 

increasing the soil content of ready 

phosphorus in the presence of humic fertilizer. 

The addition of nitrogenous fertilizers 

increases the availability of phosphorus in the 

soil and thus increases its absorption by the 

plant [22] Increasing the surface area in humic 

fertilizer plays a role in increasing soil 

aeration [20]. Humic acid fertilizer produces 

organic acids capable of dissolving minerals 

and potassium-bearing compounds, thus 

increasing the availability of potassium. These 

results are consistent with what was reached 

by[20  ] 

Salt levels affected the experimental 

coefficients for the studied traits, as it led to a 

decrease in the availability of nutrients and the 

availability of ions that bind to phosphate such 

as calcium ions, and sodium ions instead of 

potassium ions, which leads to its precipitation 

and then conversion into forms that are not 

ready for absorption by the plant, as 

[21]concluded that the increase in the salinity 

of irrigation water, the more it increases, the 

less the amount of available nitrogen in the 

soil, as well as [4] who found that when the 

concentration of salts increased, it led to a 

decrease in the increase in the availability of 

elements in the soil. It led to a reduction in the 

activity of organisms and thus reduced the rate 

of decomposition of organic matter, especially 
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the effect of sodium and chloride ions, which 

leads to a reduction in microbial growth in 

saline soil. These results are consistent with 

what was reached by [22] who found that the 

increase in the salinity of irrigation water 

works to inhibit the decomposition of organic 

matter, and thus its percentage decreases with 

the rise in saline water levels. 
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